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Several methods are in use for the identification of the contribution of particulate associated mvironmenta! 
tobacco smoke (ETS) and sidestream smoke to an atmosphere. These include the measurement of respirable 
suspended particulates (RSP), measurements of the total UV absorption and total fluorescence emission of a 
methanol extract of collected particulates and the use of specific marker compounds such as : olancsol and 
scopoletin. Use of these methods gave values for the contribution or particulate ETS to total respirable 
(<£5 pm) particulates in the ranges H.3-124.7% for Smokers’ houses and 9.6-121.2% Tor smokErs' offices, 
respectively. However, using what wc consider to be the most reliable methodology, based orf the measuremeni 
oT solanesol. the average contribution or particulate ETS to total respirable { ^5 fim) purlieu I HC5 for smokers' 
houses was 21.7'>o and for smokers' offices was 23 3%. 


Aims of investigation 

Environmental tobacco smoke (ETS) is a highly complex 
mixture of compounds that arc released through the combus¬ 
tion (oxidation or pyrolysis) of tobacco leaves. The measure¬ 
ment of tobacco associated emissions has been widely 
researched and hundreds of compounds have been identified 
in the emissions (both vapour and particulate associated) 
released through smoking. 1 

Early methods for the identification of tobacco smoke used 
the total respirable suspended particulate (RSP) value. 2 '* The 
quantity of particulate material sampled on a filter paper at a 
certain flow- for a period of time produces a mass value of 
particulates per cubic volume (often a metre) of air. Elevated 
RSP values arc obtained from houses where a smoker is an 
inhabitant. 4 However, not all particulate material sampled in a 
smoker's environment is due to ETS. Therefore, the values 
obtained arc always overestimates of the actual contribution of 
ETS/ Indeed, it has been suggested that this overestimaiion 
could be as high as 50%. 3 

To reduce this overestimaiion. more specific methods have 
been introduced. These include total UV absorption 3 (L'VPM) 
and total fluorescence emission measurements'' (FPM) of a 
methanol extract from a sampled particulate filter sample. Both 
methods have been shown to be more specific than total 
RSP. However, a value is obtained even when there is no ETS 
present, suggesting that these methods also overestimate the 
Contribution of ETS to any environment. Therefore, to 
accurately measure the contribution of ETS in an Atmospheric 
sample, a tracer compound specific to tobacco smoke is 

required. 

The National Academy of Sciences 7 has listed the require¬ 
ments for such a tracer: (i) the compound should be unique, or 
nearly unique, to ETS. i.o. there is a low contribution of species 
from other sources: (ii) there should be a determination method 
available for the species even for low level measurements; liii) 
there should be a similar emission Factor for the marker from 
various cigarette products: iiv> the marker should be present in 


constant proportion to the ITS components that cause adverse 
health effects. 

The identification of a tracer compound h complicated by 
the fact that both volatile and non-volatile compounds are 
released in ETS. Some corr pounds arc therefore found in the 
gaseous phase, some are bund associated with particulate 
material and others arc dis'ributed between these two phases. 

The ageing or ETS f trlhcr complicates the accurate 
determination of the ETS Contribution to an atmosphere, as 
the distribution and concentration of compounds (especially 
volatiles) can vary quite significantly in u short period of time." 
Major factors identified as Recurring during the ageing of ETS 
include: (i> coagulation o" particulate material, causing a 
change in the size distribution of particles in ET5:"*' I,J (ii) 
variation in the distribut on oT semi-volatile compounds 
between the gaseous pi use and particulate associated 
phase: 2 * 11 (iii) the possib lity oT reactions between other 
available chemicals or radiation inducing chemical reactions 
that degrade compounds in urious phases: 1 r ' 12 (iv) variation in 
chemical composition due o recirculation and dilution with 

outdoor s*ir. 2 '* 3 

Many specific tracer molecules have been identified in 
ETS. These include nicott ie. 4 together with several similar 
molecules, such as cotininc. nicotyrine or myosmine* and 3- 
eihenyipyridine. IA 16 All of hese tracers can be used to identify 
the contribution ETS> ha on the gaseous phase of the 
environment, since they <(re found almost entirely in the 
gaseous phase. Tracer corripounds that are less volatile and 
identify the contribution of ETS associated with particulate 
material include solanesol fi * J7 and scopoletin. ,s The use of 
cadmium has also been suggested as a possible tracer for 
paniculate associated ETSi * 

Solanesol (3.7,11.3 5.19;23.27.3! .35-nonamethyl-2.6.10.14. 
18.22.26.30,34-hexatriacontimonacn-J -ol) was the first and 
most widely used tracer molecule for particulate ETS. It was 
originally deiecied in fiue Lured lobacco in 1956*“ and was 
initially misidentified as a| primary terpenoid alcohol. The 
compound was later correfctJv assigned a trisesquiterpenoid 
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long. chain (C45) structure (CH.^CtCH.ijCH-lCHi-CHj- 
C(CH.?)CH]fi-CH }.Soianesol has been regularly stu¬ 
died in tobacco leaves. - * 0 but was only recently identified as 
being present in ETS.' 6 Due to its high molecular weight, 
SolaneSol is very involatile and is found emi rely associated with 
(hr particulate emissions of GTS.'* Soianesol is in fact found in 


many plants from the Solanacear family, one member of which 
is she Nicotitjna genus. Other members of (he family known to 
contain soianesol include tomato plants, potato plants, 
eggplants and pepper plants. Therefore, sources other than 
ETS for solatiesol include certain cooking emissions. However, 
the interference obtained from these in ETS determinations is 
thought to he of only minor consequence. 26 

The original analytical method for soianesol using GC was 
complicated by the interference of solanesenes. produced from 
the pyrolysis of Soianesol and solanesvl esters during smoking. 
The breakdown of soianesol at high temperatures inthe GC oven 
also hindered the direct quantification of soianesol by GC 
analysis. 17 However, by drrivatizing the alcohol group with A’. 0- 


bis(trimethylsi!yI)Lrifiuoroaeeiamide (BSTFA). analysis was 
possible. 7 A limitation of this method is that the extraction 
and sample manipulation methods are lime consuming and 
specific only to sulanesol determination. 26 Another limitation 
of this methodology as reported was that the performance or 
the chromatographic Column rapidly degraded. 26 This is a 
major limitation in the use oT GC Tor the determination or 
soianesol and hence il was not used in this study. 

An HPLC method for the determination of soianesol. using 
UV detection at 7.1=205 nm oT the mtthanolic extract of a 
particulate filter sample, has been developed.The methanol 
extract can also be used id measure UVPM and FPM values for 
the determination of ETS in a sample. A slightly modified, 
version of this method has been used for the soianesol 


determinations in this study (see ‘Experimental'). 

Another compound that has been identified as a possible 
paniculate associated ETS tracer molecule is scopolelin (6- 
methoxy-7-hydroxy-coumarin) (see structure). 28 This com¬ 
pound has been identified in tobacco leaves 26 ’ 20 and has also 
recently been quantitatively determined in particulate ETS. 18 



Scopolelin is extracted into methanol from particulate 
material collected on Teflon impregnated glass fibre fillers. 
Quantitative analysis can he achieved using reverse phase 
HPLC and fluorescence detection (excitation, 342 nm; emis¬ 
sion, 464 nm 18 ). A slight variation of this published method 
was used for the scopolelin determinations carried out in this 
study (see 'Experimental'). 

Long chain iso- (2-methyl) and anleiso-alkanes (3-methyl) 
(C29-C34) have also been used to identify the contribution or 
ETS particulate material to an outdoor environment in Los 
Angeles. 21 These marker compounds were not investigated 
further as the four previously described particulate methods 
seemed sufficient to quantify ETS particulate contributions in 
both indoor and outdoor air. 

In this study, we report the determination of UVPM, FPM, 
soianesol and scopoletm, together with RSP, for samples of ETS 

collected in a controlled smoking environment. Quantification 
ratios have been calculated from the control data for ‘pure ETS 
particulates’ for use in (he calculation of the contribution of 
particulate ETS to total respirable particulates in field samples. 
Field samples have been collected fiom a range of smoking and 
non-smoking environments. The values for Ihe contribution of 
ETS to airborne particulate levels in these samples, obtained 
using each of the methods, arc critically compared. 
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Experimental 

Sampling 

Controlled sidestream smoke samples. Controlled sidestream 
smoke sampling was l.indly undertaken by Rothmans Inter¬ 
national at their resear :h and development facility in Basildon. 
Essex. 

Each cigarelte was “smoked by a Borcwaldl' smoking 

machine (complying with ihr international standard ISO 
330S). The smoking machine was situated in a smoke 
generation room attsched to the main sampling room. 22 
Mainstream smoke wa; trapped on a Cambridge filter and the 
mainstream vapour emissions were piped directly out of ihe 
smoke generation systim. 

The external smoke genermion chamber was 0.7 m wide. 
0,849 m long and 0.'95 m high, producing a volume of 
0 472 m ? . Access to tl e smoking machine positioned within 
was achieved through i hinged door. Rubber gaskets ensured 
an airtight sea) aroon J the door edge. An electric cigarette 
lighter penetrated thre ugh the door no an airtight slip ring 
gasket that enabled ignition of Ihe eigarelies while maintaining 
a closed atmosphere. Fresh sidestream smoke (which is the 
emission directly fron the burning cigarette tip: ETS also 
contains exhaled mai tstream smoke from a smoker) was 
transferred from the spioke generation chamber to the main 
room via an interconnecting duct. This was achieved with the 
use of ihe recirculation system. This drew air from the main 
chamber through the base of the smoke generation chamber 
and back into the main room through the interconnecting duct, 
taking with it the freslly produced sidestream smoke. 

Sidestream smoke produced in the smoke generation 
chamber was circulated into a model room, which was 
2.745 m wide. 3.245 r i long and 2.3 m high, producing a 
total volume of 20.7! m 2 . The walls were constructed of 
interlocking panels of heavy duty PVC coated ’galvanic' sheet 
metal. Three main chamber walls were hollow, including a 
serpentine void in whicn thermostallcd air was recirculated via 
a temperature control/fan unit positioned in the roof. 
Insulation of the rodm kept the temperature constant at 
21 ”C. The room floor was constructed of a composite material 
of PVC, glass fibre inti aluminium oxide bonded to the 
concrete floor. Samples were taken directly from this room 
using sampling equipment or via sampling ports positioned in 
the door. 

Particulate samples. 

37 mm Teflon impregi 
Science, Supelco, Pool! 
target' type filler holjii 
sampled could be detci 
system. The 'target’ lj| 
larger particles hit and: 
sampling orifice, while 
around the target and 
I pm) situated directly 
filter bead was"arf XAl] 
compounds found in til 
discussed in this paper!) 
apparatus was 1 1 min 
pump (SKC Lid, Dq 
sampled at this flow wi 

Immediately after 
labelled and capped, 
and stored in amber 
stored in a fridge (<5 


particulate material was sampled onto a 
Bated glass fibre filler paper (Gdman 
Ip, Dorset, UK) in a round 'impaction 
cr. The size of particulate material 
lined by the flow through the sampling 
[pe filter head used the principle that 
|tuck to the target placed adjacent to the 
smaller particulate material was swept 
^ampled on the filter paper (pore size, 
behind the target. Directly behind the 
ijD-4 resin tube to collect any organic 
e gaseous phase. (These results are not 
The‘total flow through this sampling 
*, achieved by a personal sampling 
irsel. UK). The paniculate material 
<5 pm. 

Umpling, all tubes were separated. 
While all filter samples were weighed 
screw topped vials. All samples were 
l )C) prior to pre-treatment and analysis. 


Sites sampled 

After examining previous studies, it was derided that tbc 
following types and numbers of sites would be investigated 
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with a sampling system Tor boih indoor and outdoor 
environments: (il five smokers" homes: (ii) four non-smokers' 
houses: (iiij four smokers" offices: liv) four non-smokers' 
offices. 

Other types of ouldoor sites were also used: tv) eight 
roadside sites within the city of Sheffield; (vi) two sites in the 
countryside outside of the city of Sheffield 

All the houses were situated in residential areas around the 
city of Sheffield. Samples were taken from houses during cither 
a Saturday or Sunday when Ihc occupants were present in the 
house and emissions due to the presence of people were at their 
highest. All the office samples were taken from one buildmc 
situated in the dtv centre of Sheffield. The samples were taken 
during the week so that the occupants would once again be 
present in the office for the maximum amount of time. By 
taking both indoor and ouldoor samples from the various 
houses/offices, diffusion of sources from one context to the 
other could also be investigated. 

Roadside samples were either taken from the city centre 
(adjacent to a large bus and train station), or along major roads 
that radiated frorT. the city centre. Countryside samples were 
obtained from areas of the Peak District, away from roads, in 
an attempt to obtain 'control 1 samples. 

Indoor sampling devices were housed in a briefcase to reduce 
the noise or the pumps and prevent tampering once the system 
was installed. The outside sampling apparatus was housed in a 
wooden box designed to look like a large bird box, which could 
be attached to the side or a building. The box was lockable to 
prevent tampering and vandalism during the sampling period. 

Detcrmina lion of respirable particulate material (=5 5 pm) 

A Perkin-Elmer PU-50 balance was used to measure the mass 
of the 37 mm Teflon impregnated glass fibre filter (Gelman 
Science. Supeico. Poole. Dorset. UK) prior to and after 
sampling. The balance was calibrated prior to use with 
NAMAS (National Accreditation of Measurement and 
Sampling) accredited weights. Accuracy at low mass levels 
can be affected quite markedly by static electricity. Such effects 
were minimized by placing the filler in front of an antistatic fan 
for a few seconds and repeated weighings until three 
consecutive values wiLhln 3 pg were obtained. An average of 
the three values was then used as the actual mass of the filler. 


Extraction 

Each filler was cut in half using a ceramic gas chromatography 
column cutter in order to prevent as much elemental 
contamination as possible. 

One half of the filter was placed in a 7 ml amber screw topped 
vial and methanol (J ml) was added. (The other half of the filler 
was used for elemental analysis, and is not discussed in this 
paper.) The vial was then heated to 50 ‘C in an oven for 30 min. 
This methanol extract was used for the following four 
analytical procedures. 


Determination of total UVabsorption (UVPM) 

All analyses were carried out using a Pye Unicam PU 401S 
isocratic HPLC pump with a Pye Unicam PU 4025 UV 
detector operating at 325 nm 33 A 7125 Rheodyne injector with 
a 50 ft) loop was used for all the manual injections A Hewlett 
Packard HP3394 integrator was used to obtain the relevant 
integrated chromatograms. Methanol was used as the eluent, at 
a flow rate of 0.4 ml min -1 , with no column used for analytical 
separation. 2,2.4,4' : Tetrahydroxybenaophenone (AJdrich, 
Poole, Dorset, UK) was used as an externa] calibration 
molecule against which the concentration Df the total UV 
measurement was taken.* -3 ’ A calibration graph of 0.05- 
10 ppm was completed to ensure linearity over this range. 


Determination of total fluorescence (FPM) 


The HPLC system con 
gradient pump, with a J 
Injections were performed 
injector, with a 20 pi tnjeqti 
methanol, at a flow rate 
Jasco FP-920 intelligent 
'■cm “ 420 nm. 31 No colu 
determination. Integrate 
chrumaiopac computing 
an external calibration 
cence was measured. 


s ikied 


of a Jasco LG-980-02 tertiary 
^sco PU-980 intelligent HPLC unit 
manually using a 7125 Rheodvne 
ion loop. The eluent used was lOO 1 ". 
bf 0.5 ml min' 1 . Detection was by a 
fluorescence detector. 2„ = 3ll0nm. 
iron was used Tor total fluorescence 
in tvas by a Shimadzu C-R4A 
integrator Scopoletin teas used as 
molecule against which total fluores- 


Determination of solanesoj 


The pump and detector w 
UV section above. The 
210 nm.” A 7125 Rheodjy 
used for all the mam 
(5 cm x 4.6 mm) column 
I ml min -1 . An externa 
(Aldrich. Poole. Dorset 
solanesol in all the samplj 


:re the same as those described in the 
vpveltnglh used for the analysis was 
‘ ne injector with a 200 p] loop was 
injections, A Spherisorb ODS 
| was used with 1007o methanol at 
calibration graph of solanesol 
UK) was used in quantify the 
lbs analysed. 


ukl 


Determination of scopoletin 


The HPLC and integrate' 
described in the total flint 
injections were completed 
a 20 pi injection loop. 
Spherisorb ODS (25 cm 
. 90%water-10% methanoj 
ramp to 100% methanol, 
rate of the eluent was I ml 
920 intelligent fluor 
-Urn =420 nm. !) Scppo)cti;i 
molecule. 


Results and discussion 


value df 63.3 pgm 
ETS as a source of RSP 


ao average of around 57.7 


on system were the same as that 
rcscence section above. All manual 
Jusing a 7125 Rheodyne injector, with 
f he analytical column used was_a 
4.6 mm) with an elucnl system of 
held for J min, followed by a 15 min 
jvhich was held for 15 min. The flow 
min"Detection was by a Jasco FP- 
pscence detector, = 300 nm, 

was used as an external calibration 


Respirable suspended part culates (RSP) ( 55 pm) 

The range and mean mars or RSP (<5 pm) collected can be 
seen in Table 1. The colon r of the filter was also noted for each 
sample. Filler samples liken from houses/offices in which 
often exhibited an orange/brown 
colouration, while samplis taken from non-smokers’ houses/ 
offices or ouldoor sample^ were grey in colour. 

Table 1 that the smokers’ houses 
contained the highest averbge quantity of RSP (<5 pm), with a 
mean value of above I Op pgm(range, 42.6-212 pg m2 3 ). 
Smokers’ office values wdte also fairly high, with an average 
(range, 39.8-93.5 pg m" 3 l, identifying 
(i$5pm). However, non-smokers’ 


house average values wert not far from this office value, with 


PE m (range, 21.8-124.1 pg m" 3 ). 


Il should be noted, however, that this value is high due to the 
occupants of one of the nqn-smokers’ houses (house 2) burning 
incense during the sampling period causing an increase in 
paniculate material and producing a faint orange colour on the 


filter paper. 

The mean values frd: 

57.7 pgm -3 for smokers: 

tively) arc slightly higher tjtan the RSP levels in different indoor 
contexts previously renoi 
74pgm"V 44.6 pg 


Jm this study (106.1 pgm -J and 
and non-smokers’ houses, respec- 


LB! pg ra¬ 


ined. Levels of 
and 44.1 pstn -334 have been 
reported for smokers’ homes and 27.6 pg m -3 , 34 28 pg m"V 
18.1 pgm -335 and 15.2ugm" 334 for non-smokers' homes. 
Our slightly higher values^ arc as expected, since the literature 
values were obtained using personal samples while our study 
I 
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T able I The range and mean coneomruiioti qjg m' J | ot ETS assotiaiaj maienahij didcrenl wmpirnf iavironnicmj. del ermine! bv measuremcnl of 
lulal respirable suspended particulates |RSP (ag5 until. toiai UV absorbance (VJVPM I, loial fluoresiyn.-t (FPMi Jn d milaneto) and scvpolctim 


Indoor 

RSP l £ 5 um} 


UVPM 


FPM 

5 

olanKo) 

i-ange 

Mean 

Scopoletin 


Range 

Mean 

Ranee 

Mean 

Range 

Mean 1 

Range 

Mean 

Non-smokers* bouse 

21.8-124.1 

57.7 

0.44-1.66 

1.02 

0.13-1.(i 

0.39 j 

4.D.* 

N.D. 

N.D. 

N.D. 

Smokers’ house 

42.6-213 

106.1 

5.78-50.8 

17.4 

0.38-6.20 

2.06 ( 

.30-3.90 

1.12 

0.01-0,29 

0.11 

Non-smoker*' office 

21.8-56.5 

32.1 

0.56-2-42 

1.49 

0.06-0.29 

0 16 1 

J.D. 

N.D. 

N.D. 

N.D, 

Smokers' office 

39.8-93.5 

63.3 

3.10-18.0 

9*27 

(149-3.43 

1.61 0 

.15-0.98 

0.59 

001-0.08 

0.06 

Roadside 

N/A' 

N/A 

N/A 

N/A 

N/A 

N/A 1 

4/A 

N/A 

N/A 

N/A 

Countryside 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A J 

I/A 

N/A 

N/A 

N/A 


RSP 


UVPM 


PPM 

5 

olanesol 


Scopoletin 


Outdoor 

Range 

Mean 

Range 

Mean 

Range 

Mean 1 

.ange 

Mean 

Range 

Mean 

Non-smokers’ house 

1S.5-44 

31.3 

0 07-1.39 

0.78 

0.15-0.51 

0.3 

J.D. 

N.D. 

N.D. 

N.D. 

Smokers’ house 

26.4-78 

43.8 

1 16 - 5.12 

2.56 

0,01-0.15 

0.09 f 

I.D. 

N.D. 

N.D. 

N.D. 

Non-smokers' office 

25-69 

40.4 

0.99-1.97 

1.69 

0.09-0,46 

0-24 n 

:.D. 

N.D. 

N.D. 

N.D. 

Smokers’ office 

14.1-33.3 

22.7 

0.66-2.74 

2.04 

0.09-0.79 

0.28 6 

.D. 

N.D. 

N.D. 

N.D. 

Roadside 

9.7-50.7 

31.9 

M 5-3-70 

2.04 

0.05-1.04 

0.3 h 

I.D. 

N.D. 

N.D. 

N.D. 

Countryside 

47-59.3 

53.1 

1-23-1.74 

1.49 

€.03-0.21 

0.12 h 

-D. 

N.D. 

N.D. 

N.D. 


“Mo standard deviation value is shown as each site is individual. The standard deviation value caa therefore be higher than the mean value 
which is calculated to visually identify contextual difference*. M.D., not detected. ’N/A, not applicable (there art no indoor roadside or coun¬ 
tryside sample contextsl [ 


used static sampling. This will cause increases in concentration 
due lo the samplers being constantly exposed to ETS. 

All the other sites, including all outdoor contexts, have a 
similar average RSP value of between 22.7 pgm“" (outside the 
smokers* offices) and 53.1 |if ra* ! (in the countryside). The 
presence Df a cat as a pet in one of ihe non-smokers' houses 
appears lo have had little elTect on the paniculate mass. RSP 
(.< 5 pm) can therefore be seen to be fairly ubiquitous 
throughout the environment, with elevated levels being most 
prominent in indoor environments in which smoking has 
occurred. However, other sources can also produce elevated 
quantities of particulate material as seen in non-smokers’ 
houses and also the countryside samples (possibly pollen). 

The contribution of ETS to paniculate material in an 
atmosphere was initially measured using the quantity of RSP 
determined in a sample. However, the results obtained in this 
study for RSP show that such particulate material is round 
ubiquitously. This is also apparent in other publications from 
field studies . M ' r The use of RSP values would therefore appear 
lo deafly overestimate the contribution of ETS to an atmo¬ 
sphere. 

Total UV absorbance (UVP.M) 

The mean UVPM values obtained in this study for each context 
can be seen in Table I. These data clearly show that the sites in 
which smoking has taken place give higher average concentra¬ 
tions of UVPM and also much wider ranges. The average 
concentrations of UVPM in the two indoor smoking contexts 
are 17.4 gg m“ J and 9.3 pg m ~ 3 for houses and offices, 
respectively. The next highest mean UVPM value in all the 
other contexts is 2.56 pg m"\ which is the outdoor sample of 
smokers’ houses. This difference in UVPM concentration in the 
smoking/nort-smoking contexts compares favourably with 
published data.*’ 3 * In these reports, higher concentrations 
are also seen in smoking contexts. However, the data in Table 1 
show that there is always a response for UVPM in all sample 
contexts (this can also be seen in the literature 34 -”). This 
demonstrates that the UVPM method is not specific to ETS 
and that again overestimation is inevitable 33 

Total fluorescence emission (PPM) 

UVPM has largely been superseded by the use of FPM for ETS 

particulate quantification.' 0 The average concentration Tor 
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FPM can be seen in Taqle 1 for all sampled contexts. It can be 
seen from these data lhak the average FPM values are higher in 
the smokers' indoor samples, with smokers' houses and 
smokers’ offices giving values of 2.06 fig m’ 3 and 
l.fil Nf n’’, respectively. These results are similar to those 
published in the litcraiufe. 34 although those samples were from 
personal monitors. However, once again it can be seen that 
there is an FPM value clbtained from all the sites. The highest 
mean concentration (aftir smokers' samples) is from the indoor 


non-smokers" houses at 
obtained from every sani 
FPM method is not spa 


will overestimate the contribution of ETS. 


0.39 fig m" with a positive reading 
pie. This once again indicates that ihe 
ific lo ETS measurements, and hence 


Solanesol determinations 


Solanesol was deierminqd 
are shown in Table 1. 
was found only in sited 
mean concentre lions 
smokers’ houses and 
ETS material diffusing 
identified, as solanesol 
quantities in any outdoor 
is an excellent marker 
solanesol is stable in tht 
particular material. 841 


df 


’ldt' 


Tapi 


Scopolctiu determination^ 

The concentrations of 
samples can be sepij iij 
was found only in sampl^ 
Mean concentrations of,' 
obtained in smokers' 
solanesol, no scopoletin 
providing evidence of no 
adjacent outdoor contexj. 
an ideal marker campon 


bogs 


in all the field samples and the data 
:se data clearly indicate that solanesol 
where smoking had occurred, with 
1.12 fjgm~ 3 and 0.59 pgm" 3 in 
cjffices, respectively. No evidence of 
o the equivalent outdoor context was 
was not detected in measurable 
sample. This suggests that solanesol 
or ETS. It is also well known that 
atmosphere when attached to ETS 


spopotelin determined in all the field 
ile I. These data show that scopoletin 
sites where smoking had taken place. 
112.5 ngm -3 and 56.5 ngirU 3 were 


es and offices, respectively. As with 
Vas identified in any outdoor’sample, 
major diffusion of ETS material to .an 
L Hence, scopoletin also, seems to* be 
ihd for ETS. 


Calculation of the percentage contribution of particulates from 
ETS to total airborne paniculate material . ‘ 

The measurement of UVPM, FPM, solanesol and scopoletin 
associated with a gram trf’pure' particulate ETS has been 
reported in the literature. 41 These values can be used to 
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Table 2 ETS ouamiricmion ratios determined in this study and by 
Sescrson n ul Tlirsr vaiees arc used 10 dcicrminr the percentage 
contribution or ETS lo total particulates front measurements of 'pure' 
ETS particulates, e y- if 100 pg of'pure' particulate ETS contains Spg 
of scopoJcim. then the quamificatinn ratio is 20 


Method 

Ratio 

Published ratio" 

UVPM 

5,3 

8.2 

FPM 

28.7 

AS 

Solanesol 

53.7 

4? 

Scopoletin 

203.0 

— 


determine the quantity of sampled particulate material that has 
been released by ETS by the calculation of the appropriate 
quantification ratio, e.g. if IQO pg of 'pure' paniculate ETS 
contains 5 pe of scopoletin. then the quantification ratio is 20. 
The ratios calculated from the controlled smoking experiments 
are shown in Table 2 together with those ratios previously 
reported. 1 ’ These compare favourably with the ratios obtained 
during our research on Rothmans' cigarettes, which are also 
very similar lo the ratios obtained independently by Rothmans 
international. 4 ’ Variation between the two sets of ratios occurs 
because the samples were taken from slightly different standard 
smoking environments. The published data -1 sampled an ETS 
atmosphere from people smoking in a closed environment, 
white the samples taken at Rothmans International came from 
a closed environment in which a smoking machine was used to 
produce sidestream smoke. It has been noted previously that a 
variation in ratios is ohtained when these different methods of 
standard tobacco smoke formation are used. 41 

Using our calculated quantification ratios, the percentage 
contribution of ETS to a particulate sample was calculated by 
the following method: 

%coniribution = (/</fl) x 100 

where A is the paniculate material (pgm -5 ) attributable to 
ETS [method or compound value measured in field sample 
(pg m~ 3 ) x quantification ratio] and 3 is the total particulate 
material in the field sample (pg m“ ? ). 

The percentage contribution of ETS to total particulates for 
each sample site, calculated using the data obtained from each 
of the four methods of analysis, is shown in Table 3. 

The use of UVPM leads lo high average percentage ETS 
values being calculated for the two indoor smoking environ¬ 
ments: 67.3% and 71.3% of the total particulates were 
calculated as attributable to ETS in smokers' houses and 
offices, respectively. Outdoor samples of smokers' offices gave 


values of 51.6%. and in fact all other sample sites including 
non-smokers' and rural sites gave a value for ihe ETS 
contribution io total parliculates of above 10%. Two of the 
samples (smokers' housq 4 and smokers' office 4) gave a 
contribution to particulates from ETS of above 100% 024.7% 
and 121.2%. respectively) These data would appear to clearly 
indicate that an overestin alion for the contribution or ETS is 
obtained using this melhtd. 

Data published by Phil ips n al.'° also suggest that UVPM 
overestimates the percent! ge ETS contribution, since the use of 
more specific marker compounds (soiartesoi and scopoletin) 
reported in the same publ cation gave lower values. Values for 
the mean percentage co urtbution from ETS from UVPM 
measurements given in lljc literature are 44.9% and 39.5% in 
smokers’ homes and smokers' work environments, respec¬ 
tively.' 4 These values are lower than those indicated by our 
work. However, this is a; expected since the samples in the 
literature' were from pe sonal monitors, whilst our work is 
based on static room sarr pling as discussed earlier. 

The values for the ETS contribution calculated using FPM 
measurements are shown in Table 3. The average percentage 
contributions calculated Tor the two smoking environments are 
lower than those idcnlificc by UVPM [smokers' houses 40.94% 
(FPM) compared to 67.3% (UVPM) and smokers’ offices 
62.1% (FPM) compared tp 71.3% (UVPM)]. This shows that, 
on average. FPM is ;i more specific method for the 
measurement Of the ETS particulate contribution compared 
to UVPM. In the literature, the percentages of ETS particulate 
material in total panicultjtes, calculated from FPM measure¬ 
ments (using personal samplers), were 39.3% and 34.0% for 
rites, respectively.- 14 These are lower 
I hart the median values calculated from UVPM measurements 
given in the same paper, jigain suggesting an improvement in 
specifirily. 

The percentage comribjulions of ETS to total particulates 
rttnent of solanesol were 21.7% and 
23.3% for smokers' housejs and offices, respectively (Table 3). 
These results are very similar to the previously published values 
of 31.3% and 27.2% Bor smokers’ houses and offices, 
sampling was undertaken in that 
study). These average tlomributions for ETS particulate 
material are far lower thin those determined by the UVPM 
and FPM methods, clearjy suggesting that solanesol is more 
specific lo ETS. 

The percentage ETS tomributions to total particulates 
calculated for the smokers' house samples using solanesol 


Tabic 3 Comparison of Ihe value! for the percentage contribution of ETS to total respirable suspended paiiieulaies [R5P( S5 pm)], calculated from 
the measurement of the total UV absorbance (UVPM) and total fluorescence (FPM) and the determinalion Of solanesol and scopoletin 


Indoor 

UVPM 


FPM 


Solanesol 

Scopoletin 

Range 

Mean 

Range 

McitO 

Range 

Mean 

Range 

Mean 

Nun-smokers' house 

4.54-19.0 

11-29 

7.9-34.! 

18.84 

0 

0 

0 

0 

Smokers* home 

32.6-124.7 

67.3 

17.3-82.5 

40.94 

5-89-49.0 

21.7 

1.9-19.1 


Non-smokers’ office 

14.4-53.3 

27.9 

7-3-22.8 

14.0 

0 

0 

0 

0 

Smokers’ office 

4J.2J2U6 

71.3 

36.0-100.8 

62.1 

10.6-2B.O 

-. 23.3 

6.9-12.6 

9.6 

Roadside 

N/A' 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Countryside 

NJA 

N/A . 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A. 


UVPM 


FPM 

" , 

. Solanesol 

Scopoletin 

Outdoor 

Range 

Mean 

Range 

Mean 

Range ’ 

Mean 

Range 

Mean 

Non-smokers’ house 

1.6-19,8 

11.5 

10.8-66.5 

30.6 

0 

0 

0 

0 

Smokers’ house 

11,4-5S.fi 

• 29.3 

0.26-9.1 

52! 1 

0 

0“ 

0 

0 

Non-smokers' office 

! 2.1-42.6 

24.6 

10-JO 

18 1 

0 

0 

0 

0 

Smokers' office 

7.4-79.7 

31.6 

7.3-92.7 

33.6 

0 

0 

0 

0 

Roadside 

18.4-77.7 

392 

3.2-103.5 

' 29.2 

0 

0 

0 

0 

Countryside 

14.4-14.3 

14.5 

1.29-13 0 

7.1 

0 

0 

0 

0 


"NfA. not applicable. 
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Tahir 4 Overestimation of lilt percentage conintiuiion of ETS to total 
respirable suspended particulates [RSP (^5wtn)l, obtained from 
calculations based on lhe measurement oi total L : V (l V PM; and 
loud fluorescence fFPM) in rcimpanson to the use of snlunesnl 
determinations 


Site 

UVPM (•;■„) 

FPM (%) 

Non-smokers' house (in) 

11.3 

- 16.9 

Non-smokers' house (out) 

11.5 

30-6 

Smokers* house (inf 

45.6 

19.2 

Smokers' house (oul) 

29.5 

5.31 

Non-smokers* office (in) 

27.9 

14.0 

Non-smokers' office (oul) 

24,6 

16.1 

Smokers* office (in) 

48.0 

38.8 

Smokers' office foul) 

51.6 

33.6 

Roadside 

39.2 

29.2 

Countryside 

14.5 

7.13 


measurements vary quite considerably, ranging from 5.89% to 
49.0%. These variations arc due to differences in room size, 
ventilation, the number of ciearettes smoked, during the 
sampling period and the distance from the sampler to the 
smoker (as room samples were taken, not personal samples). 

The solanesol measurements carried out in offices give far 
more consistent values for the ETS contribution to total 
particulates. This is in part due to the offices sampled being of 
roughly the same size, with similar ventilation rates, and the 
fact that a similar number of cigarettes were smoked during the 
sampling period. 

Using the scopoletin measurements, the percentage con¬ 
tribution to total particular material from ETS was calculated 
and is shown in Table 3. The average contributions of 
particulate ETS identified using scopoletin as a marker 
compound were determined to be 8.32% and 9.59% for 
smokers* houses and offices, respectively. Compared to the 
solanesol data, these values are far lower. This indicates either 
that scopoletin is the most specific marker for ETS or that an 
underestimation has occurred in this case. An underestimation 
caused by the instability of scopoletin when exposed to UV 
radiation is thought to be the most likely explanation. Another 
likely contribution to the underestimation is an error in the 
quantification ratio obtained from the controlled smoking 
experiments The samples were taken over a short period or 
time after a number of cigarettes had been rapidly smoked by 
the smoking machine. This sample would therefore be expected 
to contain a larger amount of scopoletin, in comparison to field 
samples (which were collected over 12 h), as it had little time to 
‘age*. 

Overall, the results obtained in this study appear to agree 
with the trends in the absolute concentrations and percentage 
contributions reported in the literature. Hence, it can be seen . 
that simple extrapolation of RSP (^5 pm) data would appear 
to grossly overestimate the contribution of ETS to aa indoor 
atmosphere. UVPM and FPM measurements reduce this 
overestimaiion to some extent, but must still lead to an 
overestimation since values were found for all samples in all 
contexts. Table 4 summarizes the average overestimation of 
ETS from determinations carried oul by UVPM and FPM 
measurements. These values were calculated by making the 
assumption that the data obtained from solanesol measure¬ 
ments are the most reliable. This assumption is based on 
literature reports and the observation reported here that 
solanesol was only found in smoking environments. 

ETS particulates in outdoor air masses 

In order to investigate the effect or ETS particulates on 
outdoor air masses, the outdoor sampling was undertaken 
(Table 3). It can be seen that the non-specific methods 
identified a contribution from ETS to total particulates Tor 
all of the outdoor samples taken. However, as previously 

300 J. Environ. Monii.. 2001.3. 295-301 


discussed, from th: irtdoor data, we consider that the 
measurement of solancsbl leads to lhe most accurate estima¬ 
tions of ETS. Solanesol was not present in detectable quantities 
in any of the outdoor air samples. This suggests that the 
contribution of ETS to outdoor air quality is negligible. 

Conclusions j 

Use of lhe various methods gave values for the average 
contribution of paniculate ETS lo lolal respirable (^5gm) 
particulaies of S.3~124 j7"'o Tor smokers' houses and 9.59— 
121.2% Tor smokers' offices. However, using what we consider 
to be the most reliable methodology, based on the measure- 
mem of solanesol. the attract contribution of particulate ETS 
to total respirable (<5 jtm) particulates for smokers' houses 
was 21,7% and for smokers' offices was 23.31%. 

Use of the non-specific methods (RSP, UVPM and FPM) 
gave values for lhe average contribution of paniculate ETS to 
lolal respirable [ e 5 jimfparticulates or4.54-34,1% for non- 
smokers* houses and 7.31-53.3% for non-smokers* offices. In 
these cases, use of the specific marker compound solanesol was 
not detected in either cohlext. 

It can therefore be cqncluded that the use of non-specific 
analytical methods, including the measurement of RSP, UVPM 
and FPM, leads to an overestimaiion of the contribution of 
ETS to total indoor particulaies. Use of such methods cun also 
lead to the conclusion Hat ETS is a significant contributor to 
outdoor air particulate i oncemrations. This is not supported 
by the use of data based on measurement or a specific marker 
compound. 

Of the marker compo rods tested, solanesol gives the most 
reliable results since scopoletin appears to degrade on sample 
filters leading to an underestimation of ETS. However, the 
stability or solanesol wbe t adsorbed to paniculate material has 
not been thoroughly cxanined and requires further investiga¬ 
tion before it can be suggested as the definitive marker 
compound for ETS, 
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